Abstract. Adult females of Centropages furcatus and Temora stylifera had significantly different feeding behaviours. At equal-average food concentrations, C. furcatus ingested more nauplii of the calanoid copepod Pseudodiaptomus coronatus and fewer diatoms than T. stylifera. At 20°C and 2.0 fig of nitrogen-1." 1 of each food source, C. furcatus ingested 17.2% and 4.4% of its body nitrogen daily as nauplii and diatoms, respectively. Ingestion rates of the same food sources by T. stylifera were 5.1% and 14.5%, respectively. At the environmental concentrations simulated in these experiments, the presence of diatoms did not affect the ingestion of nauplii nor did the presence of nauplii affect diatom ingestion. The behaviour of predator and animal prey largely dictates the types and quantities of prey ingested.
Introduction
Steele (1974) suggested that stability in planktonic communities depends on a threshold feeding response of herbivores which prevents the entire depletion of phytoplankton. This model was revised by Landry (1976) , who showed that grazing thresholds were not essential to avoid phytoplankton depletion if the population size of herbivores was controlled by predation. In both models, zooplankton were divided into herbivores, which we define as particle grazers (Mullin, 1966) , and predators which prey on particle grazers. Neither model considered the fact that various abundant copepod genera are omnivorous, feeding on both particles and animal food. We consider omnivorousness important in that it (1) enhances the probability of survival of omnivores as compared to herbivores or carnivores, and (2) allows the control of particles and small particle grazers by the same group of feeders.
Knowledge of omnivorousness in planktonic copepods is limited. It covers studies with nauplii of Artemia salina (Anraku and Omori, 1963; Mullin, 1966; Gaudy, 1974) , barnacle nauplii (Corner et al., 1974 (Corner et al., , 1976 , gut contents (Petipa et al., 1970) , and mouthpart descriptions (Anraku and Omori, 1963; Gauld, 1966) . Quantitative studies of omnivorousness in marine planktonic copepods with natural prey organisms include those of Barnett (1974) , who described feeding of juvenile and adult Labidocera trispinosa, Petipa et al. (1974) , who studied tropical calanoids and cyclopoids, and Lonsdale et al. (1979) , who studied adults of Acartia tonsa.
Our goal was to describe the feeding performances of abundant calanoida on diatoms and juvenile copepods and to relate this to the behaviour of feeder and prey. The organisms used were the omnivorous genera Centropages and Temora (Anraku and Omori, 1963; Gauld, 1966; Gaudy, 1974) . Our experiments were designed to answer the following specific questions:
(1) To what extent do Centropages and Temora ingest particles and nauplii? (2) Is particle feeding affected by predatory feeding and vice versa? (3) How do particle and predatory feeding change with increasing food concentration? (4) How are predation rates on nauplii related to the naupliar escape behaviour? (5) What are the ecological implications of the feeding behaviour of these two genera of copepods?
Materials and Methods

Materials
Adult females of Centropages furcatus and Temora stylifera were used in our experiments. These two species are common to abundant on the southeastern shelf of the U.S.A., occurring between 27 to 35°N during most of the year (Bowman 1971) . Ash-free dry weights of C. furcatus and T. stylifera ranged from 13.6 to 29.0 and 27.9 to 53.0 ug per specimen, respectively. Prey organisms used in the omnivorous experiments were naupliar stages II through IV of the calanoid Pseudodiaptomus coronatus. In earlier carnivorous studies naupliar stages II through IV of C. furcatus and T. turbinata were offered (Table I )-Nauplii used as prey were grown in the laboratory on Isochrysis galbana, Thalassiosira fluviatilis, and Peridinium trochoideum. To compare feeding on particles and animals of similar size and to simulate summer intrusion conditions (Paffenhofer, et al., 1980) , single cells of Rhizosolenia sp., ranging in size from 20 to 57 f/m diameter and 150 to 380 um length, were offered at nitrogen concentrations similar to those of P. coronatus. Body dimensions of P. coronatus nauplii in our experiments (excluding mouthparts) ranged from 176 to 312 ^m in length and from 78 to 120 ^m in width. Nitrogen contents of Rhizosolenia and copepods were determined with a Model 250 Perkin in Elmer CHN Analyzer.
Methods
Experimental concentrations of nauplii offered as food approximated those occurring during summer on the sourtheastern shelf, which ranged from 30 to 80-1" 1 (Paffenhofer, unpubl. results) . Experimental concentrations of Rhizosolenia were close to those found in stranded intrusions, which reach up to 3.5 mm 3 -1 -1 or 10.5 pg nitrogen-1 ~' (Paffenhofer, et al., 1980) . Predator concentrations ranged from 3 to 4 individuals-1 -1 . They were collected 10 to 30 miles offshore, adapted for 16 to 20 hours to experimental conditions, and used for the experiments over a maximum of 3 days.
Experiments lasted from 18 to 25 hours and were run at 20°C in the dark. Each experimental and control container had 0.2 mm 3 -1 ~' of /. galbana as food for the nauplii and f/2 medium with an ammonia concentration of 10 fig-atoms-1 ~' to compensate for the effects of nitrogen excretion which occurs in experimental but not in control containers. Thus, in control and experimental jars, phyto Omnlvoroamets in marine planktonlc copepod* Table I . Average length dan) of copepod nauplii in feeding experiments with Centropaga furcatus and Temora stylifera.
PREDATOR
Centropages furcatus
Temora stylifera plankton was not nutrient-limited. The omnivorousness studies were conducted in 1900 ml screw-cap bottles rotating on a Ferris wheel at 1 r.p.m. The carnivorousness studies with nauplii of C. furcatus and T. turbinata were performed in 41 jars containing 3000 ml on rotators (Paffenhofer 1970) . No significant differences in predation rates of C. furcatus on nauplii of P. coronatus were found comparing both container types (Mann-Whitney test, p < .05). Naupliar mortality rates were low in the controls, at most times being zero. Predator cultures were maintained on Prorocentrum micans, Rhizosolenia sp. and nauplii of P. coronatus. Nauplii and predators were added to and removed from the jars by pipette to evaluate their conditions. Rhizosolenia concentrations were determined with an inverted microscope.
Results
To evaluate the feeding performances of C. furcatus and T. stylifera, nauplii and diatoms were offered separately and together at similar concentrations. P. coronatus nauplii were offered to C. furcatus over a range from 1 to 120 nauplii • 1 ~~ • ( Fig. 1. ) and are best interpreted by a non-linear regression (y = ax b ). The data indicate the lack of a feeding threshold. There was nearly an even increase in feeding rate at concentrations from 10 nauplii-l~' to a concentration of nauplii greater than that found on the southeastern shelf. Feeding rates on P. coronatus nauplii in the presence of Rhizosolenia were similar to those when the diatoms were absent.
Feeding rates of T. stylifera on P. coronatus nauplii, in the presence and absence of Rhizosolenia, were lower than those of C. furcatus (Fig. 2) under the same conditions. At a concentration of 40 nauplii • 1 ~' C. furcatus ingested 8.6 and T. stylifera 3.7 and 5.3 nauplii• day~', respectively. All regressions were significantly different from zero (p<.05).
When comparing ingestion rates of C. furcatus and T. stylifera, average food concentrations were expressed in units of nitrogen and ingestion was related to the feeders' nitrogen content (Figs. 3 and 4) . These data show that C. furcatus ingested significantly more animal than plant food (Fig. 3 , Table II ). The reverse was true of T. styltfera (Fig. 4 , Table II) . A Newman-Keuls multiple range test (Zar 1974) , following analysis of covariance (H o that slopes were not significantly different was rejected at p< .001), showed that (for slopes and elevations) feeding rates of C. furcatus on animal and T. stylifera on plant food were significantly higher than those of C. furcatus on plant and T. stylifera on animal food, respectively (Table II) . At 2 ng nitrogen-1 -' C. furcatus ingested daily about 4.4% and 17.2% of its body weight as diatoms and nauplii, respectively (Fig. 3) . At the same average concentrations, T. stylifera ingested about 14.5% and 5.1% as diatoms and nauplii, respectively (Fig. 4) . The presence of alternate food did not affect any of the feeding rates significantly (Table II) . 
••, *•• Significant at the 5%, 1%, and 0.1 °/t levels, respectively.
We also determined the feeding rates of both feeders on nauplii of the same genera, offering nauplii of C. furcatus and T. turbinata at initial concentrations of 20 specimens • 1 ~' (Table III) . Few experiments were conducted with nauplii of T. stylifera because large quantities of specimens could not be obtained. MannWhitney tests (Zar 1974) showed that both feeder species ingested significantly more nauplii of T. turbinata than of C. furcatus. Both species were cannibalistic.
Discussion
Our results indicate that C. furcatus is primarily carnivorous and T. stylifera primarily herbivorous, although both are omnivorous. An assessment of their swimming behaviour and mouthpart movements will support an analysis of their feeding behaviour. T. stylifera is actively moving, swimming almost continuously (Gauld 1966 and personal observations). C. furcatus swims occasionally but often moves more with a "hop and sink" movement as described for Calanus by Gauld (1966) . Temora filters water incessantly, creating strong currents, while Centropages filters only occasionally, creating relatively weak currents.
The above behaviour patterns indicate that Temora should encounter and ingest more particles than Centropages, and this is documented by their high (Temora) and low (Centropages) ingestion rates of Rhizosolenia and of Prorocentrum micans (unpubl. results). The same situation should control encounter frequencies with naupliar prey. Nauplii have the capacity to escape, differing with species and stage, and can sense approaching organisms or strong feeding currents (e.g., of Temora, Calanus, Eucalanus). However, nauplii should have difficulty detecting non-moving predators which create weak currents (e.g., Centropages). Once a nauplius is close to such a predator (within a few mm) and at a certain angle towards its feeding appendages, there is little chance of escape. Thus, the cruising predator (Gerritsen and Strickler 1977) T. stylifera cannot approach prey closely and succeeds in ingesting only a few. The ambushing predator C. furcatus encounters fewer prey than T. stylifera but succeeds in ingesting a higher percentage of them. For ambushers it is important that prey move, as documented for Tortanus discaudatus (Phillips 1976 ) which usually captures prey from a still position. Immobile prey are not attacked by Tortanus unless they collide with the predator (Ambler and Frost 1974) .
The behavior of C. furcatus is similar to T. discaudatus, displaying little movement. Both C. furcatus and T. discaudatus capture prey using their second maxillae as a scoop (Phillips 1976 and personal observations) . Our general conclusion is that ambushers are mainly carnivores (e.g., chaetognaths, ctenophores) and more effective in capturing strong escapers than predators which cruise. This conclusion is supported by the behaviours of adult female Labidocera trispinosa, a cruising predator which captures numerous nauplii, few copepodid stages, and no adults of Acartia and Paracalanus (Landry 1978) .
Our observations that predation rates on nauplii were not affected by the presence of phytoplankton are supported by Lonsdale et al. (1979) . They found that predation rates of Acartia tonsa females on nauplii of various copepods were not affected by the presence of Pseudoisochrysis at high concentrations. In the presence of nauplii the ingestion rate of A. tonsa on Pseudoisochrysis was related to algal concentration, as also shown in our studies. Our assumption that at least the late copepodid stages and adults of most marine planktonic calanoids and cyclopoids are omnivorous is supportd by Barnett (1974) and Petipa et al. (1970 Petipa et al. ( , 1974 . Copepodids II to IV of Labidocera trispinosa are omnivorous, ingesting dinoflagellates, copepod eggs, and nauplii; Copepodids V and adults are mostly carnivorous, feeding on eggs, nauplii, and small copepodids (Barnett 1974) . In tropical waters the diets of Undinula darwinii, Rhincalanus nasutus, R. cornutus, and Oncaea venusta consisted of from 26 to 76% animal food (Petipa et al., 1974) . Our predation studies revealed that C. furcatus nauplii were eaten significantly less than nauplii of T. turbinata by both C. furcatus and T. stylifera. Here, we observe, in addition to predator behaviour, that of the prey. All stages of C. furcatus nauplii escape continuously, seemingly not tiring, when followed by rods of different size. Nauplii of T. stylifera and T. turbinata, however, after 1 to 4 escape moves, tire or perhaps recognize that the rod is not a predator. We believe that the quick response of C. furcatus nauplii make them less vulnerable to predation than nauplii of all other species we have investigated.
What are the ecological implications of our findings? First, the degree of predation depends largely on the behaviour of both, predator and prey. Second, C. furcatus and T. stylifera adults were limited competition for the same food. COOS Third, C. furcatus adults can significantly impact the offspring of Temora, whereas Temora adults will effect to a smaller degree the offspring of Centropages. Fourth, C. furcatus seems to require animal food in order to exist. Dagg (1978) reported that the average amount of natural paniculate matter ingested by Centropages typicus met only 27.3% of its carbon requirements for egg production. He recently found that values reported earlier by him were too low and more correctly range between 27 and 168% (Dagg, pers. comm.) . The ma-jority of his values are clearly below 100%. In our experiments Rhizosolenia contributed 24.5% and P. coronatus nauplii 75.5% of the daily ration of C. furcatus. Although particle concentrations in Dagg's experiments were higher than in ours (judging from chlorophyll data), we believe that animal food, in particular nauplii, constitute a significant part of the required daily ration of C. typicus. One cannot exclude that the specific feeding behaviour of each predator species, resulting in the different above-mentioned diets, may be partly governed by specific nutritive requirements.
Our findings show that C. furcatus is mainly a carnivore and T. stylifera a particle feeder. C. furcatus, however, does not ingest prey much larger than 300 pun while T. stylifera eats prey exceeding 700 um in length (Paffenhdfer, unpubl. results) . This indicates that T. stylifera can significantly increase its ration of animal prey, because it is able to ingest sizes of organisms much larger than those offered in this study. Included would be nauplii of larger copepods, which are often quite sluggish, and appendicularia of most sizes, which are periodically abundant on the southeastern shelf (>6OOO-m~3) (PaffenhOfer, unpubl. results). Planktonic ciliates are smaller, non-moving animal prey which can be ingested in large amounts by cruising predators. These prey could markedly raise the amount of animal prey in T. stylifera's diet but would contribute little to the diet of C. furcatus because they are either too large or not sufficiently mobile to provide reaction stimuli. Steele (1974) and Landry (1976) distinguished between herbivores and carnivores and their effects on plankton populations. We suggest that it is not proper to distinguish these two groups of feeders and hypothesize that omnivorousness is inherent in most calanoid, and possibly many cyclopoid, species. Depending on stage and species, calanoid copepods impact animal and plant food to various extents which are affected by the size, shape, abundance, and behaviour of the food. Calanoids like Calanus helgolandicus which were considered to be mainly herbivores could be successful predators on copepod nauplii if they -the predators -hardly moved and created feeding currents only occasionally, thus displaying the behavior of an ambusher. Nauplii can also be omnivorous. We assume that Calanus nauplii can eat Paracalanus eggs, since they are of similar size as Paracalanus females, which eat their own eggs (Checkley 1978) . Since they are able to control their own and other copepods' offspring and abundance of food, the same organisms can influence both particles and animals. The impact of feeders on particle and animal food at naturally occurring concentrations is a function of food concentration (see also Landry 1978) ; thus, available resources are exploited in direct relation to abundance. Also the effects of numerous offspring on particles is dampened by their decrease in abundance through predation, preventing sudden food depletion by early juveniles which would cause starvation of later juvenile stages of these copepods.
